Background: Postoperative hypoparathyroidism is a common complication following total thyroidectomy. The aim of this study was to investigate the incidence of both transient and permanent hypoparathyroidism in patients undergoing total thyroidectomy in a tertiary referral centre and, furthermore, to identify early predictive risk factors. Methods: Based on a single-institution retrospective review, we identified 582 patients who underwent total thyroidectomy between January 2010 and March 2015. Information on age, gender, pathological diagnosis, duration of surgery, autotransplantation of parathyroid glands, neck dissection, and experience and position of the surgeon was retrieved from the medical records. Furthermore, serum levels of parathyroid hormone and calcium were registered pre-and postoperatively and after 3 and 12 months. Results: The incidence of transient hypoparathyroidism during the first 24 h and 3 months after surgery was 47.8 and 17.8%, respectively. Furthermore, the incidence of permanent hypoparathyroidism 1 year after surgery was 10.7%. A prolonged duration of surgery was significantly associated with hypoparathyroidism. Moreover, autotransplantation of parathyroid glands was a significant predictor of transient hypoparathyroidism after 24 h and 3 months, but was not associated with permanent hypoparathyroidism. Conclusions: Transient and permanent hypoparathyroidism is common among patients undergoing total thyroidectomy in a tertiary referral centre. A duration of surgery >120 min constitutes an independent risk factor due to the risk of ischaemic damage. Regain of function of devascularized parathyroid glands must be expected to last at least 1 year postoperatively. Furthermore, the recovery of autotransplanted parathyroid glands should not be evaluated within 1-3 months after surgery.
Introduction
One of the most common complications following total thyroidectomy is hypoparathyroidism [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] caused by devascularization or accidental resection of one or more of the parathyroid glands [15] . Hypoparathyroid-DOI: 10 .1159/000470840 ism may be asymptomatic and self-limiting but can also lead to hypocalcaemia with symptoms of paraesthesia and muscle spasms manifesting within the first 24 h after surgery [14] . The incidence of complication varying from 1 to 50% [3, 10, [14] [15] [16] is in part related to the variety of methods used to define the condition. Recent studies have underlined the importance of not only the level of postoperative parathyroid hormone (PTH) but also the reduction in PTH of >50%, compared to the preoperative level, as an indicator of hypoparathyroidism [11, 12] .
In the vast majority of cases, hypoparathyroidism is transient, lasting only a few days after surgery, with a temporary substitute treatment need. However, the condition is considered permanent when low PTH persists for at least 6-12 months after surgery [7, 10, 13, 15, 17] , affecting only 0.2-10% of patients [3, 10, [15] [16] [17] .
During the years, many studies have examined the possible associations between patient characteristics and transient and permanent postoperative hypoparathyroidism in order to prevent these complications and thereby reduce the time and costs associated with prolonged hospitalization [2, 4, [7] [8] [9] [10] [14] [15] [16] [17] [18] [19] [20] [21] [22] . However, conflicting results exist [21] . Thus, no consensus exists regarding the risk assessment of patients undergoing total thyroidectomy in a tertiary referral centre.
The aim of this retrospective study is to determine the risk of postoperative hypoparathyroidism in patients undergoing total thyroidectomy in a tertiary referral centre and, furthermore, to identify potential risk factors.
Methods

Study Design
This is a single-institution, retrospective review of all patients who underwent total thyroidectomy between January 2010 and March 2015 at the Department of Otorhinolaryngology, Rigshospitalet, Copenhagen University Hospital, Denmark. This department has a catchment area covering approximately 50% of the Danish population and represents a tertiary referral centre mainly performing surgery on thyroid cancers and intrathoracic goitres extending more than 5 cm substernally. Patients who underwent total thyroidectomy as part of laryngectomy or other comprehensive surgery or received calcium substitution prior to surgery were excluded.
Surgery
Surgery for thyroid cancer was performed in accordance with DATHYRCA [23] , the Danish national guidelines, which were made according to the ATA guidelines, 2015 [24] . A fine needle aspiration biopsy (FNAB) was performed on scintigraphic cold nodules and determined the further surgical treatment. FNAB suspecting follicular, papillary, medullary, or anaplastic carcinoma led to hemithyroidectomy and lymph node exploration level 6. If FNAB or the hemithyroidectomized frozen section revealed carcinoma >2 cm total thyroidectomy was performed. If FNAB revealed a metastasis from a thyroid carcinoma total thyroidectomy was performed.
This study did not include the patients who underwent completion thyroidectomy. If a frozen section confirmed follicular or papillary carcinoma, bilateral central neck dissection was executed. Lateral neck dissection was completed if any perioperative suspicion of metastasis arose, or if the preoperative clinical, cytological, or imaging examination had revealed metastasis-suspected lymph nodes. A lateral neck dissection always followed the performance of a central neck dissection.
The parathyroid gland was transplanted in pieces of 1 × 1 × 1 mm to the sternocleidomastoid muscle if it had appeared devascularized or had been removed during surgery and confirmed by a frozen section.
Outcome Measures Hypoparathyroidism was defined as serum level of PTH ≤1.6 pmol/L and/or a postoperative decline in serum level of PTH of >50% of the preoperative value.
The serum levels of PTH and calcium were measured preoperatively the day before surgery and postoperatively on the same day of surgery. In addition, patients who complained about mild hypocalcaemic symptoms such as oral paraesthesia, or had a serum level of ionized calcium <1.15 mmol/L but a normal level of PTH, were also categorized as hypoparathyroid. These patients recovered from only a single dose of calcium. Furthermore, the majority of patients had measurements performed 3 months after surgery at an outpatient clinic. Patients still suffering from hypoparathyroidism at the 3-month evaluation were further investigated 1 year after surgery.
From the medical records, we retrieved information on the patients' age, gender, pathological diagnosis, duration of surgery, autotransplantation of parathyroid glands, the experience and position of the surgeon, and duration of hospitalization. Finally, serum levels of PTH and calcium, pre-and postoperatively and after 3 months and 1 year, were collected from the medical records.
Statistics
The statistical analysis was conducted with SPSS version 21. All of the continuous variables showed no normal distribution (Kolmogorov-Smirnov test), hence non-parametric statistics were performed. When comparing 2 independent samples, either the χ 2 test or the Mann-Whitney test were used. Multivariate analysis was performed using binary logistic regression. The level of significance was defined as p < 0.05.
Results
Patient Characteristics
A total of 602 patients underwent total thyroidectomy in the period from January 2010 to March 2015, of whom 582 were eligible for inclusion. The median age was 53.5 years and the majority were female (71.3%). In detail, 360 patients (61.9%) had a malignant thyroid diagnosis, 85
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Surgery
A total of 437 total thyroidectomies (75.1%) were performed by consultants, and the remainder were performed by staff specialists (24.9%). The experience of the surgeons (defined as the number of total thyroidectomies performed by the individual surgeon in the 5-year study period) varied from 1 to 121 operations.
The median duration of surgery was 140.5 min, and autotransplantation of one or more of the parathyroid glands into the sternocleidomastoid muscle were performed in 125 patients (21.5%). Furthermore, 310 patients (53.2%) had a neck dissection done of which 214 (36.8%) involved the central lymph node compartment (level VI-VII), and the remaining 96 (16.5%) involved both the central and lateral compartments (level II-V).
Patient Outcomes
In 7 patients, information on postoperative level of PTH was missing. Of the remaining 575 patients, 275 (47.8%) developed transient biochemically defined hypoparathyroidism during the first 24 h after surgery.
Information on PTH level after 3 months was missing in 98 patients. Of the remaining patients, 99 (17%) still suffered from hypoparathyroidism at the 3-month evaluation. However, only 62 patients (10.7%) suffered from permanent hypoparathyroidism 1 year after surgery ( Fig. 1) .
Risk Factors
Incidence of acute hypoparathyroidism was significantly associated with a prolonged duration of surgery (p < 0.05). Approximately 30% of the hypoparathyroid patients had an autotransplantation of the parathyroid glands performed (p < 0.001), and furthermore, a combined central and lateral neck dissection was significantly associated with the development of hypoparathyroidism (p < 0.05). Lastly, young patients had a higher risk of hypoparathyroidism during the first 24 h (p < 0.05) ( Table 2) .
On multivariate analysis, only including the significant predictors on univariate analysis, age, autotransplantation of the parathyroid glands, and the duration of surgery were the only risk factors with an independent effect on acute hypoparathyroidism (Table 3) .
In order to visualize the relation between the duration of surgery and the risk of hypoparathyroidism, patients were divided into subgroups based upon the length of surgery lasting <60, 60-120, 120-180, 180-240, or >240 min. The incidences of hypoparathyroidism were 33, 31, 41, 51, and 62%, respectively. Furthermore, the mean level of postoperative PTH was calculated for each group of patients, and showed a steady decrease with increasing surgery duration (Fig. 2) .
Examining the risk of persistent hypoparathyroidism after 3 months revealed almost the same results, showing cancer (p < 0.05), combined central and lateral neck dissection (p = 0.05), extended duration of surgery (p < 0.05), and autotransplantation of the parathyroid glands (p < 0.05) to be significantly associated with the complication (Table 2) . On multivariate analysis only cancer, the reimplantation of parathyroid glands, and the duration of surgery had an independent significance ( Table 3) .
The risk of permanent hypoparathyroidism after 1 year was only significantly correlated with a prolonged duration of surgery (p < 0.05) and the performance of a combined central and lateral neck dissection (p < 0.05) ( Table 2 ). Multivariate analysis, however, revealed that none of these variables had an independent effect (Table  3) . No difference was observed for the experience of the surgeon between the patients with transient, persistent, or permanent hypoparathyroidism and those with normal gland function (p > 0.05). 
Discussion
This study demonstrates a distribution of patients undergoing total thyroidectomy, similar to the examined literature with regard to age and gender, showing a clear predominance of middle-aged females. However, in our study a greater proportion of patients had a thyroid cancer diagnosis (62%), as the examined institution represents a tertiary referral centre. We found that 48% of the patients suffered from hypoparathyroidism during the first 24 h after surgery, which is in accordance with the literature, yet representing a high incidence. Our definition of hypoparathyroidism is in accordance with recent literature stating that not only the postoperative level of PTH but also a decline >50% predicts severe hypocalcaemia postoperatively [11, 12] and may in part explain our finding of a high incidence of hypoparathyroidism.
At the 3-month evaluation, 17% of the included patients in our study still suffered from hypoparathyroidism, and after 1 year this number decreased to 11%. These incidences constitute a minimum since the calculation is built on the assumption that the non-participants at the 3-and 12-month evaluation did not suffer from hypoparathyroidism. This seems like a reasonable hypothesis based upon the fact that patients' medical records are commonly shared in Denmark.
This study demonstrated that a long duration of surgery, autotransplantation of parathyroid glands, combined central and lateral neck dissection, and young age were all risk factors of acute postoperative hypoparathy- roidism on univariate analysis. These relations have all been demonstrated before by several other studies [2, 4, 7-10, 14, 15, 18-20] . Predictors of permanent hypoparathyroidism were prolonged duration of surgery and the performance of combined central and lateral neck dissection.
Multivariate analysis showed that age, parathyroid autotransplantation, and duration of surgery were all independent predictors of acute hypoparathyroidism, whereas no predictors could be independently related to permanent hypoparathyroidism.
According to the literature, most patients with parathyroid dysfunction following total thyroidectomy return to normal function within a few weeks to a month after surgery [13] . How and when to best define the recovery of parathyroid gland dysfunction remains uncertain, though most studies state that PTH measurements should be done 6 or 12 months after surgery [7, 10, 13, 15, 17] . Kim et al. [17] demonstrate that recovery from postoperative hypoparathyroidism may even occur as long as 2 years after surgery in patients not undergoing autotransplantation of the parathyroid glands. Our study supports the assumption that a continuous improvement of the parathyroid gland function exists during the first 12 months following surgery.
Our finding that autotransplantation of parathyroid tissue was significantly and independently associated with both transient and persistent hypoparathyroidism 3 months after surgery is partly conflicting with previous studies. Kim et al. [17] state that the return of parathyroid function is generally observed within a month in patients with an autotransplanted parathyroid gland compared to the much slower (up to 24 months) regain of function of preserved but devascularized parathyroid glands. The larger surface area for neovascularization in the sliced and reimplanted tissue explains the difference in recovery rate. However, the 1-month recovery rate is not present in our study, still causing a significant association between autotransplantation and persistent hypoparathyroidism after 3 months. At the 1-year post-surgery follow-up the association with permanent hypoparathyroidism was insignificant. Thus, our study does not question the benefit of the reimplantation procedure, but reinforces that a longer recovery phase must be expected. Our study implies that the risk of hypoparathyroidism increases with extended duration of surgery. No specific cut-off values were calculated; however, our results show that surgery lasting longer than 120 min considerably increased the incidence of hypoparathyroidism and decreased the mean level of PTH (Fig. 2) . Such long duration of surgery probably reflects surgical difficulties, as seen with invasive cancer and the extent of lymph node dissection, etc. However, as the multivariate analysis revealed (Table 3) , the duration of surgery was an independent predictor of hypoparathyroidism during the first 24 h and after 3 months. After 1 year combined central and lateral neck dissection and long surgery duration are probably closely related, which explains why none of the variables have an independent significance. Most likely, a surgery lasting longer than 120 min causes ischaemic changes to the parathyroid glands due to a decrease in blood flow. The finding that long duration of surgery is a predictor of permanent hypoparathyroidism is therefore in accordance with the above-mentioned statement by Kim et al. [17] that regain of function of preserved but devascularized parathyroid glands can last up to 24 months.
Our finding that central neck dissection alone was not significantly related to hypoparathyroidism is probably explained by the fact that the procedure is carried out as a prophylactic intervention when thyroid cancer is diagnosed. In contrast, a combined central and lateral neck dissection is indicated when metastasis has already been identified, often involving the central lymph node compartment. Thus, a combined procedure causes greater damage to the parathyroid glands, making the association to hypoparathyroidism significant.
A study by Sosa et al. [19] found a significant association between increased surgeon experience and improved patient outcomes after surgical procedures for both benign and malignant thyroid disease. Our results showed no significant correlation between surgeon experience and the risk of transient, persistent, or permanent hypoparathyroidism. This may reflect a selection bias so that the most experienced surgeons perform the most complex and extensive surgeries and the less experienced surgeons receive thorough supervision.
This study confirms what has previous been stated by other studies: that the influence of specific variables differs and that the risk profile of postoperative hypoparathyroidism is complex. However, according to our data, the duration of surgery seems to be a consistent and important risk factor that can be used practically in the postoperative management of patients.
In conclusion, the risk of transient and permanent hypoparathyroidism after total thyroidectomy is high within the expected range among patients undergoing surgery in a tertiary referral centre. The only independent predictors of the acute complication are young age, reimplantation of parathyroid glands, and a duration of surgery extending >120 min. The regain of function of the parathyroid glands must be expected to last at least 1 year following surgery, and furthermore, the recovery potential of autotransplanted parathyroid glands should not be evaluated within 1-3 months after surgery.
A total thyroidectomy lasting longer than 120 min is common in a tertiary referral centre and probably reflects surgical difficulties, which are challenging to influence. Special attention should be given to these patients in the postoperative recovery phase in order to prevent and mitigate potential hypocalcaemic symptoms and thereby improve the patients' quality of life and decrease the duration of hospitalization.
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